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(54) IC card with built-in voice synthesizing function. 

(57) An IC card with a built-in voice synthesizing 
function is provided which includes a solid- 
state memory containing vector-quantized 
coded data, a pattern generating means for 
generating patterns each composed of a pres- 
cribed number of digital data by repeatedly 
performing calculations using a recurrence 
equation with initial values given by coded data 
read out of the solid-state memory, a converter 
circuit for limiting the band of each pattern 
generated by the pattern generating means and 
converting into an analog voice signal, and a 
gain control circuit for adjusting the gain of the 
analog voice signal output from the converter 
circuit on the basis of gain data read out of the 
solid-state memory. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates generally, me is 
indicated, to an integrated circuit card, hereinafter 
referred to as an IC card, with a built-in voice synth- 
esizing function. More paticularly, the present inven- 
tion relates to an IC card with a built in voice 
synthesizing function that is capable of reconstructing 
voice signals from vector-quantized coded data for 
production of voice messages and the like. 

2. Description of the Prior Art 

In the past, to produce voice messages such as 
a reading of a novel, etc. on an electronic apparatus, 
it has been necessary, as shown in Figure 2, to load 
a magnetic tape 1 1 with original voice signals recor- 
ded thereon into a magnetic tape reproducing 
apparatus 12 for reproducing the original voice sig- 
nals. 

With the magnetic tape reproducing apparatus 
1 2, however, it is difficult to reduce the size and weight 
of the apparatus because of the complex mechanism 
for replaying the magnetic tape 11. Also, there is a 
limit to the reduction in the size of the magnetic tape 
11 itself. Furthermore, since recorded information 
cannot be randomly accessed, the magnetic tape 1 1 
must be fast-forwarded or rewound to replay the 
recorded information from the desired position or to 
return to the starting point of the recording. 

As a result, the conventional magnetic tape repro- 
ducing apparatus 12 has had the problem that the 
apparatus not only takes space and hampers portabi- 
lity because of its size but also requires a cumber- 
some and time-consuming procedure for operation. 

Another known method of voice reproduction is 
by reconstructing the original signal from vector-quan- 
tized coded data using a code book. 

However, with the method of reproducing voice 
from vector-quantized coded data, although the 
device can be constructed entirely from simple elec- 
tronic circuits, it requires the use of a large-capacity 
ROM for the code book. 

As a result, the conventional voice reproducing 
device based on vector quantization has had the prob- 
lem that the provision of a large-capacity ROM makes 
it difficult to build-in the device into an IC card; making 
the ROM capacity smaller than necessary would 
result in degradation in the voice reproduction quality. 

In view of the above problems, there is a strong 
need in the art for an inexpensive, compact, light- 
weight, and easy-to-operate IC card with a built-in 
voice synthesizing function, in which vector-quan- 
tized coded data is decoded using patterns generated 
by a recurrence equation such as a pseudo-random 
sequence. 



Accordingly, the present invention overcomes the 
aforementioned short comings of the above known 
and similar devices and methods for providing a voice 
synthesizing function. The present invention is sun> 
5 marized and described in detail below. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 

w provided an IC card with a built-in voice synthesizing 
function which is capable of reproducing voice signals 
on the simple electronic circuits built in the IC card. 
Therefore, the present invention does not require a 
complex mechanism such as the one used in a con- 

15 ventional magnetic tape reproducing apparatus; the 
entire device can be constructed compact and light 
weight and is easy to operate. 

Furthermore, since patterns based on coded data 
stored in the solid-state memory can be generated 

20 using a recurrence equation such as a pseudo-ran- 
dom sequence, the present invention does notrequire 
a large-capacity code book containing a large number 
of patterns and thus, the voice synthesizing function 
can be built in the IC card easily and can be manufac- 

25 tured inexpensively. 

According to one aspect of the present invention, 
an IC card with a built-in voice synthesizing function 
is provided which includes a solid-state memory con- 
taining vector-quantized coded data, a pattern 

30 generating means for generating patterns each com- 
posed of a prescribed number of digital data by 
repeatedly performing calculations using a recurr- 
ence equation with initial values given by coded data 
read out of the solid-state memory, a converter circuit 

35 for limiting the band of each pattern generated by the 
pattern generating means and converting into an 
analog voice signal, and a gain control circuit for 
adjusting the gain of the analog voice signal output 
from the converter circuit on the basis of gain data 

40 reed out of the solid-state memory. 

To the accomplishment of the foregoing and 
related ends, the invention, then, comprises the feat- 
ures hereinafter fully described and paticularly poin- 
ted out in the claims. The following description and the 

45 annexed drawings set forth in detail certain illustrative 
embodiments of the invention. These embodiments 
are indicative, however, of but only one or more of the 
various ways in which the principles of the invention 
may be employed. Other objects, advantages, and 

so novel features of the invention wil become s: rarent 
from the following detailed description of the present 
invention when considered in conjunction with the 
drawings. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
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rent to those skilled in the art by reference to the 

accompanying drawings as follows: 

Figure 1 is a block diagram of an IC card with a 
built-in voice synthesizing function according to 
one embodiment of the present invention; 
Figure 2 is a front view of a magnetic tape repro- 
ducing apparatus in a prior art example; 
Figure 3 is a detailed schematic of the band-limi- 
ting filter referred to in Figure 1 in accordance with 
one embodiment of the present invention; and 
Figure 4 is a detailed schematic of the gain control 
circuit referred to in Figure 1 in accordance with 
one embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will now be described. 

Figure 1 is a block diagram of an IC card with a 
built-in voice synthesizing function according to one 
embodiment of the present invention. 

The IC card 10 with a built-in voice synthesizing 
function according to the present embodiment con- 
tains an address counter 1, a data ROM 2, an oscil- 
lator 3, a pseudo-random number generator 4, a 
band-limiting filter 5, a gain control circuit 6, and an 
amplifier 7. These circuits are constructed from sepa- 
rate individual ICs (semiconductor integrated circuits) 
or from ICs combining such individual ICs. An ear- 
phone 8 may be connected to the IC card 10. 

In the exemplary embodiment, the address 
counter 1 has a 26-bit output The most significant 18 
bits in the output of the address counter 1 are connec- 
ted to the 18-bit address input of the data ROM 2. The 
address counter 1 is a circuit that provides a sequen- 
tial count at its 26-bit output on the basis of the oscil- 
lation frequency (e.g., 8000 Hz) of the oscillator 3. 
However, since theleastsignificant8 bits at the output 
of the address counter 1 are not used in connection 
with the data ROM 2, the address counter 1 provides 
the count to the data ROM 2 at a rate of 1/32 x 8 or 
(1/2 8 ) of the oscillation frequency of the oscillator 3. 
The data ROM 2 in the exemplary embodiment is a 
12-bit data ROM in which 8-bit coded data and 4-bit 
gain data are stored in address sequence. Each 8-bit 
coded data read from the data ROM 2 in response to 
the count output of the address counter 1 is input in 
parallel as an initial value, to an 8bit shift register 4a 
in the pseudo-random number generator 4. 

In the pseudo-random number generator 4, each 
bit in the shift register 4a is sequentially shifted 
upward based on (i.e., synchronous to) the oscillation 
frequency of the oscillator 3. The pseudo-random 
number generator 4 is so configured that the bits in the 
most-significant four stages or bits of the shift register 
4a are respectively XORed by three exclusive-OR cir- 
cuits 4b and the result of the final XOR addition is 



inverted by a NOT circuit 4c and is then input to the 
least significant stage of the shift register 4a, thereby 
generating pseudo-random numbers of m-sequence 
and most significant bit is output serially. Thus, with 

5 each initial value, the pseudo-random number 
generator 4 is capable of generating a pseudo-ran- 
dom whose bit train period is 256 (2 s ). More specifi- 
cally, each time coded data is given as an initial value 
from the data ROM 2, the pseudo-random number 

10 generator 4 causes the shift register 4a to perform 32 
x 8 shifts and thus outputs thirty-two 8-bit data as one 
pattern. 

As is described in detail below, the present inven- 
tion utilizes the pseudo-random number generator 4 

15 as part of a pattern generating means used for provn 
ding the voice synthesizing function. Generally, the 
pattern generating means sequentially reads out vec- 
tor-quantized coded data from the solid-state memory 
data ROM 2 by generating addresses using, for 

20 example, the address counter 1. The readout coded 
data are given as initial values to the recurrence 
equation, and calculations are repeatedly performed 
with each given initial value to generate a pattern 
comprising a prescribed number of data. The recurr- 

25 ence equation (also commonly referred to as a differ- 
ence equation) is an equation that generates an 
infinite number of data trains by repeatedly perform- 
ing calculations with given initial values. With the 
same initial value, the data trains generated are 

30 always identical. Therefore, by giving an initial value 
to the recurrence equation, the desired data train or 
pattern can be accessed randomly. 

The recurrence equation used in the pattern 
generating means is the same one as used when the 

35 original data was encoded by vector quantization in 
making code data to store in the solid-state memory 
data ROM 2. In encoding the data according to the 
present invention, a large number of patterns gener- 
ated by sequentially giving different initial values to 

40 the recurrence equation are compared with each 
block of voice signal comprising a prescribed number 
of samples, and the initial value that generate the 
closest pattern to the original is of coded data. There- 
fore, each pattern that the above pattern generating 

45 means generates is the pattern decoded from the cor- 
responding coded data. Furthermore, since the 
recurrence equation performs repeatedly a pres- 
cribed number of calculations with each given initial 
value, the pattern generated has a larger number of 

so bits that the initial value. This means that the coded 
data stored in the solid-state memory is obtained by 
compressing the original voice signal. The recurrence 
equation may be implemented in either hardware or 
software. 

55 The patterns used in the encoding process serve 
as representative vectors in vector quantization. 
Therefore, when a pattern comprising an N number of 
data is considered an N-dimensional vector, the pat- 
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terns that the recurrence equation generates in 
accordance with initial values must be distributed as 
uniformly as possible in N-dimensionai signal vector 
space. As a recurrence equation that generates such 
patterns, the m-sequence method (maximum-length 5 
linearly recurring sequence) may be suitably used in 
order to generate pseudo-random numbers. The m- 
sequence method for generating pseudo-random 
numbere also has the advantage that it can be 
implemented in simple hardware using a shift register. 1 o 
However, since the primary purpose of the use of a 
recurrence equation in the present invention is to 
obtain a large number of representative vectors 
uniformly distributed in signal vector space regardless 
of the sequence of their generation, all the properties 15 
of random numbers are not necessarily required. 
Therefore, in some cases, a recurrence equation 
which is not really suitable for the generation of ran- 
dom numbers or which sequentially generates data 
trains regularly may be acceptable. In generating 20 
pseudo-random numbers, the initial value is called the 
seed. 

In the above described encoding process, when 
each pattern generated by the recurrence equation is 
compared with a voice signal, the gain of the pattern 25 
is adjusted so that the difference between them is 
minimized. The amount of gain control was added to 
the selected pattern and stored as gain data in the so- 
lid-state memory. 

Each pattern generated by the pattern generating 30 
means is supplied to the converter circuit such as the 
band-limiting filter 5 in the preferred embodiment 
which limits the band of the pattern and is converted 
into an analog signal. When the pattern generating 
means reads out coded data from the solid-state 35 
memory data ROM 2, the associated gain data is also 
read out Based on the thus readout gain data, the 
gain control circuit 6 adjusts the gain of the analog sig- 
nal fed from the converter circuit 

The different elements of the present invention, 40 
for example the solid-state memory data ROM 2, the 
pattern generating means including the pseudo-ran- 
dom number generator 4 and address counter 1, the 
converter circuit including the band-limiting filter 5, 
and the gain control circuit 6, are built in an IC card. 45 
Since the recurrence equation used in the pattern 
generating means is implemented in simple hardware 
or software, it is easy to incorporate it in mn IC card. 

Thus, the present invention achieves reconstruc- 
tion of voice signals on simple electronic circuits built so 
in an IC card. 

Each pattern thus output sequentially from the 
pseudo-random number generator 4 is converted into 
an analog signal by the band-limiting filter 5 and is 
then transferred to the gain control circuit 6. In the 55 
meantime, 4-bit gain data read from the data ROM 2 
is input to the gain control circuit 6. Based on the input 
gain data, the gain control circuit 6 adjusts the gain of 



the analog signal fed from the band-limiting filter 5. 
The amount of gain adjustment varies with each pat- 
tern output from the pseudo-random number 
generator 4. 

Each coded data contained in the data ROM 2 
was obtained by vector quantization whereby each 
block of voice signal comprising 32 samples was com- 
pared with every pattern generated by a pseudo-ran- 
dom number generator, the same one as the 
pseudo-random number generator 4, and the initial 
value given to the pseudo-random number generator 
that served to generate the closest pattern to the origi- 
nal one was output sequentially. Therefore, each pat- 
tern sequentially output from the pseudo-random 
number generator 4 by taking coded data read from 
the data ROM 2 as an initial value represents the clos- 
est waveform to the waveform representing each 
block of 32 samples of the original voice signal. Fur- 
thermore, the coded data represents the voice signal 
of 8 bits x 32 samples compressed into 8-bit data serv- 
ing as an initial value for the pseudo-random number 
generator 4. 

In the above vector quantization process, the 
comparison was made after adjusting the gain of each 
pattern so that the difference between the pattern and 
the voice signal was minimized. The amount of gain 
adjustment for the closest pattern was stored in the 
data ROM 2 together with the coded data. The gain 
of each analog signal delivered from the pseudo-ran- 
dom number generator 4 via the band-limiting filter 5 
is sequentially adjusted by the gain control circuit 6 to 
achieve faithful reconstruction of the original voice 
signal. Since such gain adjustment serves to seem- 
ingly increase the number of patterns generated by 
the pseudo-random number generator 4, it contri- 
butes to enhancing the voice reproduction quality. 
However, data compression ratio decreases by the 
degree equivalent to four bits of the gain data. 

The analog signal whose gain has thus been 
adjusted by the gain control circuit 6 is amplified by 
the amplifier 7 and reproduced as a voice through the 
earphone 8 connected to the IC card 10. 

Thus, according to the present embodiment, vec- 
tor-quantized coded data can be reconstructed into a 
voice signal by using the simple pseudo-random num- 
ber generator 4 built in the IC card 10. Furthermore, 
the desired voice can be reproduced instantly by ran- 
dom-accessing the coded data stored in the data 
ROM 2. 

Referring briefly to Figure 3, an exemplary embo- 
diment of the band-limiting filter 5 according to the 
present invention is shown. The band-limiting filter 5 
includes a shift register 20 for receiving the serial data 
from the pseudo-random number generator 4 via line 
21. The band-limiting filter 5 further includes a resis- 
tive network 22 including a resistor R1-R8 which cor- 
responds to each bit in the register 20. Each resistor 
R1-R8 is connected to the inverting input of an oper- 
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ational amplifier 24. The non-inverting input of the 
operational amplifier is coupled to a common ground 
by way of resistor R1 0. Resistor R9 serves as a feed- 
back resistor between the output of the operational 
amplifier 24 and the inverting input The output of the 5 
amplifier 24 is connected via line 25 to the gain control 
circuit 6 by way of a coupling capacitor 26. 

In operation, the contents of each bit in the regi- 
ster 20 determine whether the corresponding resistor 
R1-R8 is coupled to the 5-volt supply voltage (e.g., 10 
when the contents of the particular bit is a T or a logic 
"high-level), or is coupled to GND (e.g., when the con- 
tents of the bit is a "O"). Thus, the contents of the shift 
register 20 determine what will be the analog output 
of the operational amplifier 24 as wBI be appreciated. 15 
Accordingly, the band-limiting filter 5 of Figure 3 can 
be used to convert the data received from the pseu- 
do-randum number generator 4 into an analog signal. 

Figure 4 illustrates an exemplary embodiment of 
the gain control circuit 6 in accordance with the pre- 20 
sent invention. The gain control circuit 6 includes 8 4- 
bit register 30 for receiving gain data from the data 
ROM 2 via bus 31 . The output of each register 30 is 
connected to the gate of a corresponding transistor 
M1-M4. The analog output signal from the band-limi- 25 
ting filter 5 is received by the gain control circuit 6 on 
line 25 and is coupled to the respective transistors as 
illustrated. The remaining terminal of each transistor 
is coupled through a resistor gain network 34 to the 
inverting input of an operational amplifier 36. 30 

Based upon the gain data in the register 30, the 
contents or value of each bit in the register 30 deter- 
mine whether the corresponding transistors M1-M4 
are turned on or off as will be appreciated. As a result, 
the gain provided to the signal on line 25 due to the 35 
resistor gain network 34 in combination with oper- 
ational amplifier 36 is controlled as a function of the 
gain data received from the data ROM 2. The output 
of the gain control circuit 6 is provided on line 37 to the 
amplifier 7. The amplifier 7 is used to drive the ear- 40 
phone 8. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 45 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
sent invention, including all features that would be 50 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 

Claims 55 

1. An apparatus with a built-in voice synthesizing 
function, comprising: 



a solid-state memory containing vector- 
quantized coded data; 

a pattern generating means for generating 
patterns each comprising a prescribed number of 
digital data by repeatedly performing calculations 
using a recurrence equation with initial values 
given by said coded data read out of the solid-sta- 
te memory; and 

a converter circuit for converting said pat- 
terns generated by the pattern generating means 
into an analog voice signal. 

2. The apparatus of claim 1 , wherein said apparatus 
is an integrated circuit card. 

3. The apparatus of claim 1, further comprising a 
gain control circuit for adjusting the gain of the 
analog voice signal output from the converter cir- 
cuit on the basis of gain data read out of the so- 
lid-state memory. 

4. A method of encoding, storing and reconstituting 
a voice signal, wherein an original voice signal is 
encoded by vector quantization with each of a 
succession of sample signal blocks representing 
the voice signal being matched to one of a set of 
patterns each generated by a process of pseudo- 
random number generation from a respective ini- 
tial value, and the initial values corresponding to 
the matched patterns are stored as vector-quan- 
tized coded data in a solid-state memory, and 
wherein to reconstitute said voice signal the initial 
values are read out from said solid-state memory 
and input into a pattern generator which performs 
the same said process of pseudo-random num- 
ber generation to regenerate the matched pat- 
terns, and said regenerated matched patterns are 
supplied to a converter circuit which converts 
them into a voice signal which reproduces the 
original voice signal. 

5. A method of reconstituting a voice signal which 
has been encoded by vector quantization with 
each of a succession of sample signal blocks rep- 
resenting the voice signal having been matched 
to one of a set of patterns each generated by a 
process of pseudo-random number generation 
from a respective initial value, the initial values 
corresponding to the matched patterns having 
been stored as vector-quantized coded data in a 
solid-state memory, wherein to reconstitute said 
voice signal the initial values are read out from 
said solid state memory and input into a pattern 
generator which performs the same said process 
of pseudo-random number generation to regener- 
ate the matched patterns, and said regenerated 
matched patterns are supplied to a converter cir- 
cuit which converts them into a voice signal which 
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(57) An IC card with a built-in voice synthesizing 
function is provided which includes a solid- 
state memory containing vector-quantized 
coded data, a pattern generating means for 
generating patterns each composed of a pres- 
cribed number of digital data by repeatedly 
performing calculations using a recurrence 
equation with initial values given by coded data 
read out of the solid-state memory, a converter 
circuit for limiting the band of each pattern 
generated by the pattern generating means and 
converting into an analog voice signal, and a 
gain control circuit for adjusting the gain of the 
analog voice signal output from the converter 
circuit on the basis of gain data read out of the 
solid-state memory. 
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